Background: Hepatitis C virus (HCV) infection is a major cause of liver-related morbidity and mortality among thalassemic patients. New treatments based on direct-acting antivirals (DAAs) are highly effective and well-tolerated by patients; nonetheless, they have not been studied in thalassemic populations. In this study, we evaluated the safety and efficacy of these treatments in a cohort of Sardinian thalassemic patients with chronic HCV infection. Methods: We consecutively recruited thalassemic patients with HCV infection, who were eligible for DAA therapy at 3 liver units. Different drug combinations, depending on HCV genotype and hepatic disease severity, were used according to the current guidelines. Sustained virological response was assessed at 12 weeks posttreatment. Data regarding the side effects and transfusion requirements were also collected. Results: We recruited 49 patients, including 29 males (59.2%), with the mean age of 43 years (genotype 1, 55.1%). Twenty-one (42.9%) patients had a history of interferon-based treatment. Cirrhosis was detected in 28 (57.1%) patients; only 1 patient had ascites and hypoalbuminemia (Child-Pugh B7). On the other hand, 35 (71.4%) patients received a sofosbuvir-based regimen. Ribavirin treatment was reported in 26 (53.1%) cases. All the patients were followed-up for at least 12 weeks after therapy, and sustained virological response was observed in 98% of the patients. No treatment discontinuation was required due to adverse events. The most common side effects included fatigue (24.5%), headache (10.2%), and anaemia (77%), requiring further blood transfusion in patients receiving ribavirin. Conclusions: This prospective study showed that DAAs are safe and effective agents in thalassemic patients with advanced liver fibrosis, regardless of previous antiviral treatment responses.
Background
HCV infection is a major clinical problem in transfusion-dependent thalassemic patients (1) . Along with iron overload, it represents a main risk factor for the development of liver fibrosis and eventually cirrhosis in this population (2) . Various studies have shown a faster progression to severe liver fibrosis in patients with concomitant HCV infection and high liver iron concentrations. The prevalence of cirrhosis in these patients ranges from 10% to 20% (3) (4) (5) .
Although the overall survival of thalassemic patients has recently increased due to improvements in iron chelation therapy and the subsequent reduction in cardiac complications, liver-related mortality and morbidity rates have risen because of liver failure and development of hepatocellular carcinoma (6) . Therefore, eradication of hepatitis C virus (HCV) infection has become a priority in these patients.
Until recently, the only available treatment for HCV infection was the combination of pegylated interferon-α (PEG-IFN-α) and ribavirin (RBV), which showed modest efficacy in thalassemic populations (7) (8) (9) (10) (11) . However, its use Copyright © 2017, Hepatitis Monthly. This is an open-access article distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/) which permits copy and redistribute the material just in noncommercial usages, provided the original work is properly cited. was limited by poor tolerance, several contraindications, and concerns about RBV-induced haemolysis and the subsequent increase in transfusion needs (12) .
More recently, IFN-free regimens, based on directacting antivirals (DAAs), have been developed, showing greater efficacy and tolerance in patients with chronic HCV infection. According to international guidelines, thalassemic patients should be treated with these new regimens, preferably those without RBV (13) . However, only few thalassemic patients have been examined in clinical trials, and very limited data exist regarding real-life experiences (14) (15) (16) (17) . A recent study by Sinakos et al. described the outcomes of 61 thalassemic patients with advanced liver fibrosis, who received different IFN-free regimens in Greece. They reported a sustained virological response (SVR) rate of 90% with good tolerance and no major adverse events (18) .
With this background in mind, in this prospective study, we aimed to investigate the safety and efficacy of DAA-based regimens in a cohort of thalassemic patients, affected by chronic HCV infection and advanced liver fibrosis.
Methods
We prospectively recruited all consecutive patients with chronic HCV infection and beta-thalassemia major (BTM), who underwent antiviral therapy with DAAs plus RBV between March 2015 and December 2016 at 3 liver units in Sardinia, Italy (Azienda Ospedaliero Universitaria di Cagliari, Azienda Ospedaliero Universitaria di Sassari, and Ospedale San Francesco di Nuoro).
Chronic HCV infection was defined as the presence of HCV RNA and abnormal alanine aminotransferase (ALT) level for more than 6 months. The diagnosis of BTM was based on the classic peripheral blood count and haemoglobin electrophoresis. All the patients were transfusion-dependent and received iron chelation therapy. On the other hand, subjects with concomitant hepatitis B virus (HBV) and/or human immunodeficiency virus (HIV) coinfection were excluded. Relapsers and nonresponders to prior antiviral therapy with IFN and RBV were included in this study.
Different DAA-based regimens were used according to the European Association for the Study of the Liver (EASL) and Associazione Italiana Studio Fegato (AISF) guidelines, depending on HCV genotype, hepatic disease severity, and drug availability during the study. Genotype-1 patients were treated with the following combinations: sofosbuvir plus simeprevir, sofosbuvir plus daclatasvir, sofosbuvir plus ledipasvir, and ombitasvir-paritaprevir boosted with ritonavir plus dasabuvir. Genotype-2 and -3 patients received sofosbuvir plus RBV or sofosbuvir plus daclatasvir. Moreover, genotype-4 patients were treated with sofosbuvir plus simeprevir, sofosbuvir plus daclatasvir, sofosbuvir plus ledipasvir, and ombitasvir-paritaprevir boosted with ritonavir.
The treatment duration ranged from 12 to 24 weeks. RBV could be added at the physician's discretion in "difficult-to-treat" genotype-1, -3, and -4 patients, such as cirrhotic patients and those with a history of antiviral treatment. The choice of treatment was also affected by the presence of potential drug-drug interactions and daily pill burden. Clinical and laboratory data were collected at baseline, 2, 4, 8, 12, and 24 weeks of therapy (if applicable), and 1, 3, and 6 months after the completion of therapy. The side effects and blood transfusion requirements before, during, and following the antiviral treatment were monitored at each clinical visit.
The HCV genotype was detected by Versant HCV genotype 2.0 assay (LiPA-Siemens, Erlangen, Germany). HCV RNA was quantified by real-time polymerase chain reaction (PCR) assay (COBAS AmpliPrep/COBAS TaqMan 48, Roche Molecular Diagnostics). Moreover, the liver fibrosis stage was assessed via liver stiffness measurement, using transient elastography (FibroScan ® , Echosens, Paris, France) or liver histology if available.
The diagnosis of cirrhosis was based on either typical laboratory and ultrasound findings or liver stiffness value equal to or greater than 13 kPa (19) . In addition, iron overload was assessed by the measurement of serum ferritin level, as well as cardiac and hepatic magnetic resonance imaging (MRI) when available. Finally, SVR was defined as undetectable serum HCV RNA at 12 weeks following therapy discontinuation.
The present study was performed in accordance with the Declaration of Helsinki and was approved by the Local Ethics Committee (Independent ethics committee of Azienda Ospedaliero Universitaria di Cagliari, Italy). All the participants gave an informed consent for the use of data on the condition that their information remained anonymous. Drugs were provided by the National Health Service (NHS) according to the Italian principles.
Statistical Analysis
Continuous variables are expressed as mean ± standard deviation or median (range) when applicable. Comparisons between the groups were performed using paired t test for parametric variables or Wilcoxon rank-sum test for nonparametric variables. Categorical variables are expressed as number and percentage and compared by Chisquare test. P value below 0.05 was considered statistically significant.
Results

Study Population
A total of 49 patients were enrolled in the study (Table 1). All the subjects were transfusion-dependent, and the median transfused, packed red blood cell (PRBC) count was 2 units per month. Most of the patients were infected by HCV genotype 1b (42.9%) and had liver cirrhosis (57.1%), diagnosed via liver stiffness measurement (n, 24), ultrasound examination (n, 3), or liver histology (n, 1). All cirrhotic patients had a well-compensated disease except one patient with diuretic-controlled ascites and hypoalbuminemia (Child-Pugh B7).
A total of 21 (42.9%) patients had a history of antiviral treatment, receiving IFN with or without RBV (n, 11) or PEG-IFN plus RBV (n, 10); eight patients were relapsers, while 13 were nonresponders. Comorbidities were identified in 29 (59.2%) patients, 17 of whom had cardiovascular diseases, such as hypertension (n, 4), atrial fibrillation (n, 6), and heart failure (n, 7). Also, 10 (20.4%) patients had diabetes, while 9 (18.4%) patients presented with hypothyroidism, requiring hormonal replacement therapy. The MRI data on hepatic and cardiac iron accumulation were only available in 20 (40.8%) patients; IFN-free regimens are illustrated in Table 2 . Overall, 35 (71.4%) patients were treated with a sofosbuvir-based antiviral treatment, and 26 (53.1%) patients received RBV.
Treatment Response
Overall, 28 (57.1%) and 44 (89.7%) patients showed undetectable HCV RNA after 2 and 4 weeks of therapy, respectively. All the patients had an undetectable viral load at week 8 of treatment. All the patients completed the treatment with undetectable HCV RNA and were followed-up for at least 12 weeks posttreatment. Overall, 48 (98%) patients achieved SVR. Only 1 case of relapse was reported at 1 month posttreatment. The patient was a cirrhotic man with HCV genotype 4, who was previously unresponsive to IFN + RBV regimen, but was treated with sofosbuvir and simeprevir. He was successfully treated with sofosbuvir and ledipasvir a few months later.
Safety
No major adverse events were reported, and none of the patients discontinued treatment due to side effects. Nineteen (38.8%) patients complained of mild symptoms (Table 2) , which were more frequent among those receiving RBV, compared to DAAs alone (57.7% vs. 17.4%; P = 0.004). No significant difference was observed in the frequency of the side effects of RBV-free regimens between cirrhotic and noncirrhotic patients. In patients receiving RBV (n, 26), anaemia was the most common adverse event, as reported in 20 (77%) patients. A significant increase in the median number of transfused PRBCs per month was reported (600 mL/month at baseline vs. 2400 mL/month during treatment; P < 0.001). The RBV dose was also reduced in 7 out of 26 patients. Transfusion requirements returned to the baseline within 1 month after treatment. Two patients reported an increase in blood transfusion requirements, although they did not receive RBV. Iron chelating therapy did not require any modifications during treatment, and no significant drug-drug interactions were observed.
Discussion
HCV infection represents a major clinical issue in patients with transfusion-dependent thalassemia. The prevalence of anti-HCV antibody in this population ranges from 4.4% to 85.2% according to different studies, with the highest rates reported in Italy (3) . About 70% -80% of infected patients develop chronic hepatitis, and up to 20% progress to cirrhosis (20) . Moreover, HCV infection is a well-known risk factor for the development of hepatocellular carcinoma, which has become the second most common cause of mortality in this population (6) .
Until recently, the combination of PEG-IFN-α and RBV was the only available treatment for HCV infection, with variable SVR rates of 25% -72% (7-11). However, its application was limited by poor tolerance, several contraindications, and concerns about RBV-induced haemolysis and the subsequent increase in transfusion needs and iron overload (12) . Recently, introduction of DAAs has dramatically changed HCV treatment due to its high efficacy (SVR > 90%) and superior safety profile, compared to IFN-based therapy. Although limited data exist on the use of DAAs in this population, thalassemic patients should receive these new regimens according to the current guidelines (13).
Hezode et al. published the only clinical trial on thalassemic patients (14) . They evaluated the safety and efficacy of a fixed combination of elbasvir and grazoprevir in patients with chronic HCV and congenital blood disorders, including BTM. Forty-one thalassemic patients were treated for 12 weeks, and SVR was achieved in 97.6% of cases. In this study, treatment was well-tolerated by the patients, and haemoglobin levels did not change during treatment. Interestingly, the most frequent side effects (e.g., headache, fatigue, nausea, and asthenia) were similar to those observed in our population, although none of our patients received the coformulation of elbasvir and grazoprevir, as it was not available during the study.
A case-series of 4 thalassemic patients with HCV infection and advanced liver fibrosis, treated with ledipasvir and sofosbuvir for 12 weeks, has been also reported (15) . All patients achieved SVR and tolerated therapy. Mild asthenia and headache were again the only reported adverse events. No changes in chelation therapy or transfusion requirements were necessary during treatment. Similar results have been presented by Mangia et al. in a report from an Italian multicenter study (16) .
The safety and efficacy of DAAs were also assessed in a prospective Indian study, including 29 thalassemic patients treated with 2 generic sofosbuvir-based regimens. SVR was reported in all patients, with no treatment discontinuation due to side effects (17) . Finally, a recent study by Sinakos et al. reported the outcomes of a larger cohort of 61 thalassemic patients with chronic HCV infection and advanced liver fibrosis, receiving different IFN-free regimens in Greece (18) . Overall, the SVR rate was 90%, and no major adverse events or drug-drug interactions were observed. Six patients relapsed, and no specific factors associated with treatment failure could be identified.
The present study provides further evidence that alloral anti-HCV regimens are highly effective and welltolerated by transfusion-dependent thalassemic patients with advanced liver fibrosis. Compared to the Greek cohort, SVR was achieved in a greater number of patients (98% vs. 90%), with only 1 case of relapse after treatment discontinuation. This could be due to the lower number of patients with unfavourable profiles in our population compared to the Greek cohort such as cirrhotic individuals (57.1% vs. 78.7%) and previously treated patients (42.9% vs. 75%).
Moreover, use of suboptimal treatments, such as sofosbuvir plus simeprevir for genotype 1 -4 patients and sofosbuvir plus RBV for genotype 1 -3 patients, was limited to 8 out of 49 (16%) patients, compared to 21 out of 61 (34%) patients in the Greek cohort. In our population, the proportion of patients receiving RBV was almost twice as high as that reported by Sinakos et al. (53% vs. 26%). This could be explained by the higher frequency of patients with HCV genotype 2, whose only therapeutic option has been sofosbuvir + RBV for a long time (16.3% vs. 3%). Moreover, the extensive use of triple DAA combination plus RBV for genotype 1b patients and ombitasvir/paritaprevir/ritonavir plus RBV for genotype 4 patients, which was less frequent in the Greek study, might be effective.
Anaemia occurred in about 77% of patients receiving RBV, with doubled transfusion requirements during treatment and no changes in chelation therapy. Two more patients, who did not receive RBV, reported an increase in blood transfusion, which could be related to the intensive monitoring protocol during antiviral treatment. Treat-Hepat Mon. 2018; 18(1):e61453. 5 ment was well-tolerated by all the patients, and no discontinuation occurred due to the adverse events. Side effects, such as fatigue and headache, were reported in line with the published data from clinical trials (13) . This favourable safety profile in the thalassemic population is very important, as these patients have been traditionally considered as difficult-to-treat due to several comorbidities. Moreover, as previously reported by Sinakos et al., no significant drug-drug interactions were observed with iron chelating agents.
The present study had some limitations. First, data on liver iron concentration were limited and mainly based on serum ferritin levels and noninvasive techniques instead of liver histology. Second, no data regarding the posttreatment evaluation of iron overload were available during the study. Third, liver stiffness measurements via transient elastography were only performed at baseline, and no information was collected about changes after HCV eradication.
In conclusion, DAA-based regimens seem to be highly effective and well-tolerated in patients with BTM and advanced liver fibrosis. The present findings support the use of these agents in thalassemic populations, although further studies with larger cohorts and newer DAA combinations are needed.
